for the ANRS 106 Study team Background: To assess the safety of a drug-sparing treatment regimen in patients with high CD4 cell counts and controlled HIV replication under antiretroviral therapy.
Introduction
The use of combination antiretroviral therapy has dramatically improved the prognosis of HIV-1 infection, but continuous lifelong therapy is required to maintain virological suppression [1] [2] [3] [4] . In patients with full suppression of HIV-1 replication and high CD4 cell counts, the benefits conferred by antiretroviral therapy can be tempered by the required high rate of adherence to therapy, and by the occurrence of drug-related lipodystrophy and metabolic abnormalities [5, 6] . Initially, scheduled treatment interruption (STI) trials aimed at stimulating HIV-specific immune responses to allow a spontaneous control of HIV replication. Failure to reach this goal led to the hypothesis that intermittent therapy could be a drug-sparing strategy, potentially reducing drug-related adverse events and costs while maintaining CD4 cell counts at a level high enough to prevent the risk of disease progression [7] [8] [9] [10] .
In this study, we assessed the safety of a 50% drug-sparing strategy in patients with high CD4 cell counts and viral suppression under antiretroviral therapy, using a fixed intermittent 8-week off, 8-week on regimen, in the setting of a randomized 96-week trial.
Methods

Patients
Eligible patients were HIV-1-infected adults who were tolerating combination antiretroviral therapy well, who had a nadir pretreatment CD4 cell count of 100 Â 10 6 cells/l or more, who had a CD4 cell count above 450 Â 10 6 cells/l at screening, and whose plasma HIV-1-RNA levels had been less than 200 copies/ml for at least the previous 6 months. Exclusion criteria were pregnancy, current treatment with abacavir or nevirapine, chronic hepatitis B infection, a history of splenectomy, and a history of an AIDS-defining event in the previous 18 months. A history of virological failure under previous antiretroviral therapy was not an exclusion criterion.
Study design
The study was a multicentre, randomized, open-label, non-inferiority trial carried out at 39 centres in France. Randomization was performed after screening by a centralized procedure and was stratified on the use of efavirenz, the CD4 cell count at entry (above or below 600 cells), and the nadir CD4 cell count (above or below 200 cells).
Patients were randomly assigned 1 : 1 to switch to a fixed intermittent treatment strategy starting with 8 weeks off therapy and followed by 8 weeks on therapy, or to maintain their current treatment strategy. In the intermittent group, patients underwent six cycles off and on therapy, and those on efavirenz were asked to stop efavirenz 7 days before the other drugs to limit the risk of resistance because of its longer half-life.
Patients were allowed to change drugs during the study because of adverse reactions, or patient or investigator decision, providing that they remained under the assigned treatment strategy.
The protocol was approved by the ethics committee of Toulouse University Purpan Hospital and by the Agence Nationale de Recherches sur le SIDA et les Hépatites Virales (ANRS). All patients gave written informed consent. The study is registered at clinicaltrials.gov, no. NCT 00122551.
Study monitoring
Patients were assessed at baseline, then every 8 weeks until they completed the 96 weeks of follow-up. At each visit, clinical data were collected through an interim medical history and physical examination, and blood specimens were obtained. Routine analyses were performed at each site throughout the follow-up period and included a complete blood count, CD4 cell count, measurement of plasma HIV-1 RNA, and tests of liver, kidney, muscle and pancreatic function. Furthermore, at baseline and weeks 48 and 96, fasting glucose, triglycerides, total cholesterol, and high and low-density lipoprotein cholesterol levels were measured. Safety was assessed through the reporting of adverse events and laboratory abnormalities, the severity of which was assessed with use of the ANRS toxicity grading scale (http://www.anrs.fr/index.php/ article/articleview/1358/1/44).
When a CD4 cell count of less than 300 Â 10 6 cells/l was recorded at a visit, the patient had to be retested 2 weeks later for confirmation of immunological failure. In such a case, a switch to a continuous treatment was recommended. Other reasons for treatment strategy discontinuation included disease progression, a significant adverse event, laboratory abnormality, virological failure and patient or physician decision.
At baseline and at weeks 48 and 96, patients were also assessed for morphological changes related to body-fat abnormalities by their physician using a directed questionnaire as described [11] . No objective measurement of body composition was performed.
Virological substudy
A virological substudy was planned among the first 200 patients enrolled in the study to analyse the virological consequences of treatment interruptions. Frozen samples were centralized for genotypic resistance analyses performed according to the consensus method of the ANRS [12, 13] . Genotypic resistance testing was performed in peripheral blood mononuclear cell DNA from all patients at baseline and week 96, and in the plasma of all patients whenever the HIV-RNA level was above 1000 copies/ml after at least 6 weeks of therapy. HIV-1 mutations associated with drug resistance were defined according to the International AIDS Society -USA panel drug resistance mutations group definition [14] .
Study endpoints
The primary study endpoint was the cumulative proportion of patients throughout the study reaching a confirmed CD4 cell count of less than 300 Â 10 6 cells/l, defined as immunological failure. Secondary endpoints included the proportion of patients with a CD4 cell count above 450 Â 10 6 cells/l at week 96, the proportion of patients who experienced any new Centers for Disease Control and Prevention category C event [15] , and the proportion of patients with a plasma HIV-RNA level of less than 400 copies/ml at week 96. Safety endpoints included the proportion of patients remaining under their assigned treatment strategy, the proportion of patients with grade 3-4 adverse events and laboratory abnormalities, and the occurrence of metabolic and body-fat abnormalities. An independent Data Safety Monitoring Board was responsible for the safety and integrity of the patients throughout the study.
Statistical analysis
The primary endpoint was analysed on an intention-totreat basis, including observed data of all randomized patients who started the assigned treatment strategy, regardless of whether this strategy was prematurely discontinued.
A second 'on-treatment strategy' analysis was also performed, in which only observed data from patients who remained under their assigned treatment strategy were considered for analysis. Data from patients who withdrew consent, were lost to follow-up, or discontinued treatment strategy were censored. Discontinuation of the treatment strategy was defined in both groups as the discontinuation of all antiretroviral agents for 6 weeks or more during a period on treatment, or in the intermittent group as the use of drugs for 6 weeks or more during a period off treatment.
The sample size was calculated on the basis of the primary immunological endpoint, to establish non-inferiority of the intermittent group compared with the continuous group. The limit for non-inferiority was set at 7% for the upper limit of the 95% confidence interval for the difference of proportions, a difference lower than 7% being considered as clinically acceptable. Based upon an expected immunological failure rate of 5% in the continuous group, a total of 200 patients per group was determined, which would give a statistical power of 90% to demonstrate non-inferiority with a one-sided alpha level of 0.05 (Newcombe-Wilson score method for confidence interval limits). The log-rank test was used to compare the time to treatment strategy discontinuation between groups. Chi-square or Fisher's exact tests were used to compare qualitative variables, and the Wilcoxon's rank-sum test was used to compare continuous variables. Comparisons were made with use of a two-sided alpha level of 0.05. Statistical analysis was performed with the use of SAS software version 8.2 (SAS Institute Inc., Cary, North Carolina, USA).
Results
Population
Between December 2001 and June 2003, 403 patients were randomly assigned to the study (Fig. 1 ). Three patients in the intermittent group and nine patients in the continuous group withdrew consent at baseline and were not included in the analysis. The baseline characteristics of the remaining 391 patients were well balanced among the groups (Table 1) . Ninety-two per cent of the patients in the intermittent group and 93% in the continuous group completed 96 weeks, for a total duration of followup of 705 patient-years (354 and 351 in the intermittent and continuous groups, respectively). Forty-three patients (11%) discontinued their treatment strategy during the study, 27 (14%) in the intermittent group and Fig. 1 . Profile of patient enrolment and disposition over 96 weeks of follow-up. a Patients were disappointed by their randomization group, did not start the assigned treatment strategy and were not included in the analysis. b Twenty-seven patients in the intermittent group and 16 patients in the continuous group discontinued their assigned treatment strategy during follow-up (P ¼ 0.09 by the log-rank test). c Two patients died, one was a sudden death 20 months after randomization and the other died of hepatic failure 11 months after discontinuation of antiretroviral therapy. These two deaths were considered not to be related to HIV disease. d Two other patients experienced immunological failure; one in the intermittent arm (who died of hepatic failure 11 months after discontinuation of antiretroviral therapy), one in the continuous arm at week 96.
16 (8%) in the continuous group, but time to treatment strategy discontinuation was not statistically different between the two groups (P ¼ 0.09, log-rank test, data not shown). Adverse events and laboratory abnormalities, other than immunological failure, were the most common reason for treatment strategy discontinuation ( Eight questionnaires were missing at baseline, respectively, three and five in the intermittent and continuous groups.
experienced an immunological failure, with the upper bound of the 95% confidence interval of the difference at 5.6%. In these 10 patients the median value of the nadir of the CD4 cell count was 206 Â 10 6 cells/l (range 126-275). In the on-treatment strategy analysis, six patients (3.5%) in the intermittent group and one patient (0.6%) in the continuous group experienced immunological failure, with the upper bound of the 95% confidence interval for the difference at 6.5%, again below the predefined threshold of 7% for non-inferiority. Primary outcomes assessed by baseline or nadir CD4 cell strata, or by baseline efavirenz use indicated consistent results between groups and across strata (data not shown). Figure 2 shows the median CD4 cell counts in both groups throughout the study. At week 96, median changes from baseline in CD4 cell counts showed a decrease of 155 Â 10 6 cells/l in the intermittent group compared with 8 Â 10 6 cells/l in the continuous group (P < 0.0001, Wilcoxon test). The median decrease in CD4 cell counts from baseline to week 8 (end of first treatment interruption) was significantly higher in the intermittent group (196 versus 12 Â 10 6 cells/l, P < 0.0001). In contrast, from week 8 to week 88 (end of last treatment interruption), the median changes in CD4 cell counts were not significantly different between the groups (À48 and þ9 Â 10 6 cells/l in the intermittent and continuous groups, respectively, P ¼ 0.19). At week 96, the proportion of patients with a CD4 cell count above 450 Â 10 6 cells/l was 75% in the intermittent group compared with 92% in the continuous group (P < 0.0001, chi-square test). Median CD8 cell counts remained almost unchanged in the continuous group during follow-up, but mirrored CD4 cell changes in the intermittent group (data not shown).
No patient experienced any AIDS-defining event during the study (95% confidence interval 0-1.5%). Two patients randomly assigned to the intermittent group died of non-HIV-related events. One patient had a sudden death of unknown origin 80 weeks after randomization, and the other with alcoholic cirrhosis died of hepatic failure, 48 weeks after the discontinuation of antiretroviral therapy. Forty-one patients experienced 52 HIV-related clinical events, 27 (14%) in the intermittent group and 14 (7%) in the continuous group ( Table 2 , P ¼ 0.04, chi-square test) with no clinical progression. Lymphadenopathy and mucosal candidiasis accounted for most of these events.
In the intermittent group, plasma viral rebound was observed at the end of each treatment interruption, with a median peak of 4.6 log 10 copies/ml of HIV RNA (data not shown) and at week 96, 8 weeks after treatment was resumed, the proportion of patients with plasma HIV-RNA levels of less than 400 copies/ml was lower than in the continuous group (81 versus 90%, respectively, P ¼ 0.02, chi-square test).
Among patients enrolled in the virological substudy, baseline characteristics were well balanced between groups, and were similar to those of the whole patient population (data not shown). Resistance DNA genotype patterns performed at baseline and week 96 using DNA from peripheral blood mononuclear cells were similar in both groups ( Table 3 ). The proportion of patients with plasma HIV-RNA levels above 1000 copies/ml after 6 weeks of treatment or more to week 96 was also similar in the intermittent and continuous groups (17 versus 14%, P ¼ 0.56, chi-square test), as were plasma HIV resistance genotypes ( Table 3 ).
Safety and tolerability
The overall incidence of grade 3-4 non-HIV-related events or laboratory abnormalities was similar in both groups ( Table 2 ). Twelve per cent of patients in each group experienced grade 3-4 clinical adverse events. Of note is the fact that cardiovascular events were reported in three patients in the control group (myocardial infarction, angina pectoris, transient ischaemic attack) and in only one patient in the intermittent group (pulmonary embolism).
A similar proportion of patients in each group also experienced grade 3-4 laboratory abnormalities (Table 2 ). However, grade 3-4 thrombocytopenia occurred more frequently in the intermittent group (4.6 versus 1.0%, respectively, P ¼ 0.03, chi-square test). Eighteen episodes of severe thrombocytopenia were observed after the discontinuation of antiretroviral therapy in 11 patients overall, nine of whom reported a history of thrombocytopenia. Five patients in the intermittent group switched to continuous treatment because of thrombocytopenia, although only two patients had haemorrhagic symptoms and these symptoms were mild. No patient experienced grade 3-4 anaemia or an increase in the creatinine level throughout the study period. Also, at week 96, median (IQR) haemoglobin levels were similar in both groups [14.2(13.5-15) Median changes from baseline for fasting plasma glucose, triglycerides, and total cholesterol levels were not significantly different among the treatment groups throughout the study (data not shown). Also, the proportions of patients with lipodystrophy at week 96 were not different in the two groups (intermittent treatment arm 60%, continuous treatment arm 64%, P ¼ 0.49, chi-square test).
Discussion
In order to maintain the CD4 cell count at a level high enough to avoid the risk of AIDS-defining events during treatment interruptions, the primary study endpoint of this study was chosen as the proportion of patients with immunological failure defined as a confirmed CD4 cell count of less than 300 Â 10 6 cells/l. Our study showed that in HIV-infected patients with high CD4 cell counts and suppression of viral replication under antiretroviral treatment, the proportion of patients Patients could have more than one event. Only the first occurrence of an event was reported in the Table. e Respiratory events included one case of pulmonary embolism in the intermittent group, two cases of asthma and two cases of other lung disorders.
f Nervous system disorders included one case of transient ischaemic attack in the continuous group and three cases (paresthesia one, sciatalgia one, lipothymia one) in the intermittent group. g Cardiac events included a myocardial infarction and an acute coronary heart event.
h The difference between arms was statistically significant (P ¼ 0.03, chi-square test).
with immunological failure over 96 weeks was not inferior by more than the predefined limit of 7% in the group assigned to a fixed intermittent 8 weeks off, 8 weeks on treatment compared with the continuous group.
Also, no AIDS-defining event and two deaths not related to HIV were reported during the study, both in the intermittent group. These results differ from those of the TRIVACAN and SMART CD4 cell-guided interruption trials, in which a higher incidence of disease progression and death was observed in the intermittent groups [16, 17] . According to the incidence density of 3.3 events (clinical disease progression or death) per 100 patient-years of follow-up reported in the intermittent arm of the SMART study, 12 clinical disease progression events or deaths were to be expected in the intermittent group in our study instead of the two observed. One explanation for this difference could be that in both of these CD4 cell count-guided trials with a low CD4 cell threshold of 250 Â 10 6 CD4 cells/l to resume antiviral therapy, patients could have persistently low CD4 cell counts. In the Staccato trial, where a higher threshold of 350 instead of 250 Â 10 6 CD4 cells/l was used to resume therapy, no increased risk of clinical progression was reported [18] . Another explanation could be that in CD4 cell count-guided STI trials, patients may remain off treatment and exposed to persistent viraemia for months, whereas in the time-guided strategies patients remain off treatment exposed to viraemia for a predefined, limited period of time.
However, in our study, whereas the median CD4 cell count remained stable in the continuous group to week 96, a median drop of 155 Â 10 6 CD4 cells/l was recorded in the intermittent group (Fig. 2) ; at week 96, 75% of patients in the intermittent group maintained CD4 cell counts above 450 Â 10 6 cells/l, a proportion significantly lower than in the continuous group (92%). The kinetics of CD4 cell counts in the intermittent group had a biphasic decline, with a steep decrease after the first cycle of intermittent therapy, but less pronounced decreases during the following cycles, similar to reports in patients who stopped antiretroviral therapy [19] .
Even though the incidence of HIV-related events was higher in the intermittent group compared with the continuous group (14 versus 7%, P ¼ 0.04), most events were limited to lymphadenopathy and mucosal candidiasis, with only three acute retroviral syndromes (two of which did not recur during further treatment interruptions).
Contrary to what was observed in the SMART study and to a lesser extent in the TRIVACAN study, the incidence of grade3-4 non-HIV-relatedclinical adverse events reported in our study was not higher in the intermittent arm (12% in both groups). Of note is the fact that cardiovascular events were reported in three patients in the control group and in only one patient in the intermittent group.
Overall, the incidence of grade 3-4 laboratory abnormalities was similar in the two groups. No grade 3-4 anaemia or increase in plasma creatinine level was observed in this study. However, thrombocytopenia occurred more frequently in the intermittent group. Five patients in this group switched to continuous treatment because of thrombocytopenia, although only two had mild haemorrhagic symptoms. Thrombocytopenia after the discontinuation of antiretroviral therapy has been reported in a number of studies, among patients with a previous history of thrombocytopenia: these patients should be discouraged to interrupt therapy [18, 20] . No benefit of treatment interruptions on metabolic abnormalities and body-fat distribution was seen in our study. Also, no change in bodyfat distribution was observed in either group during follow-up, with the limitation that no objective measure of body-fat composition was performed. Although the convenience of the intermittent regimen was mentioned by a number of patients, we currently have no data available to support that the quality of life of patients receiving this strategy was improved.
The proportion of patients with plasma HIV-RNA levels below 400 copies/ml was high in both groups at week 96 in our study, although significantly lower in the intermittent group. However, these patients had resumed antiretroviral therapy only 8 weeks earlier, and this was probably too short a time to control HIV replication fully. It is likely that with a longer duration of antiretroviral therapy, a higher proportion of patients in the intermittent group would also have suppressed viral replication, as described in other STI studies [18, 21] .
Previous STI studies have underlined the risk of selecting drug-resistance mutations in plasma during interruptions, especially to drugs with a low genetic barrier to resistance [22] [23] [24] [25] [26] . In this study, the proportion of patients enrolled in the virological substudy who experienced a plasma HIV-RNA level above 1000 copies/ml after 6 weeks of antiretroviral therapy or more was similar in both groups over 96 weeks of follow-up, with the same pattern of HIV genotypic resistance mutations. Interestingly, patterns of genotypic resistance were also similar in both groups in peripheral blood mononuclear cell DNA at week 96, with no increase in the number of patients with resistant strains in the intermittent group, although 43 and 85% of these patients received a non-nucleoside reverse transcriptase inhibitor or a lamivudine/emtricitabine-based regimen, respectively, and although 39% of these patients had a history of previous treatment failure. These results are similar to those of the Staccato trial in which very few resistance mutations were detected [18] . Other studies, however, have shown a higher rate of detection of resistance mutations, but these mutations were often already present at baseline and did not always impact on the short-term virological response to subsequent antiretroviral therapy [27] [28] [29] [30] .
Our study has, however, several limitations. First, the results obtained in the intermittent arm cannot be generalized to patients different from those we studied, i.e. mostly men in their forties, with median CD4 cell counts of 274 Â 10 6 cells/l at nadir and of 739 Â 10 6 cells at baseline after 5 years of antiretroviral therapy. Second, because of the longer half-life of efavirenz, we stopped this drug 7 days before the others. However, the clearance of efavirenz varies greatly between individuals [31] .
Although not observed in this study, the risk of the emergence of resistance after the interruption of an efavirenz (or nevirapine)-based treatment remains a concern. Third, the results we obtained are limited to the 96-week duration of the study, and it is uncertain that this treatment strategy could be used lifelong as a CD4 cell count decline was observed over time. Also, it is uncertain whether the level of clinical support needed to ensure proper adherence to an intermittent treatment strategy could be offered in clinical practice.
In summary, an intermittent 8-week off and on treatment strategy offers the possibility of short treatment holidays with a low risk (< 7%) of CD4 cell counts falling below 300 Â 10 6 cells, without AIDS-defining events and without strategy-induced resistance. However, this strategy was associated with a CD4 cell count decline, a higher risk of minor HIV-related events, and a lower proportion of patients resuppressing viral replication after retreatment. More studies are therefore needed to elucidate the place of time-guided intermittent antiretroviral therapy in clinical practice.
